Introduction
============

Metabolic syndrome (MetS) describes the clustering of abdominal obesity, lipid abnormalities, hypertension, and hyperglycemia. The prevalence of MetS is increasing worldwide, and this sharp increase has also been observed in Asian countries \[[@B1]\]. According to data from the Korean National Health and Nutrition Examination Survey (KNHANES) 1998-2007, the age-adjusted prevalence of MetS increased significantly from 24.9% in 1998, 29.2% in 2001, and 30.4% in 2005 to 31.3% in 2007 \[[@B2]\].

In South Korea, the prevalence of MetS in men was higher than in women aged 20-49 years, but the prevalence of MetS in women increased significantly at age 50 years and surpassed men afterward \[[@B2]\]. Considering that this noticeable increase in MetS was observed for women starting at the age of 50, it seems likely that menopause might be a reason for this change. Postmenopausal women are considered to have a higher risk of coronary artery disease and osteoporosis than premenopausal women \[[@B3]\]. During menopause, the pattern of hormone secretion changes and causes fat accumulation in visceral adipose tissues of the abdomen \[[@B4]\]. In Heidari and colleagues\' study, the prevalence of MetS in the postmenopausal women increased significantly in comparison with that during menopause and the pre-menopause period, even after age adjustment \[[@B5]\].

Many previous studies have reported that hormone replacement therapy (HRT) in postmenopausal women has beneficial effects on lipids profiles, blood pressure, and glucose homeostasis \[[@B6]\]. Estrogens positively affect lipid and lipoprotein metabolism, increase production of nitric oxide, and decrease production of endothelin \[[@B7]\]. But, some studies indicated that HRT is not effective in decreasing the risk for CVD prevalence \[[@B8],[@B9]\].

Some recent studies have suggested that natural agents such as isoflavones, resveratrol, and quercetin have beneficial effects on MetS-related disorders \[[@B10],[@B11]\]. Especially isoflavones, a group of biologically active compounds found in soybeans and other legumes, bind to estrogen receptor sites and have weak estrogenic effects \[[@B12],[@B13]\]. In a cross-sectional study, usual dietary isoflavone intake in postmenopausal women had a protective role against CVD \[[@B14]\]. And, in a randomized controlled trial (RCT) study, it was reported that genistein supplementation in postmenopausal women improved glycemic and vascular reactivity indexes in normoinsulinemic patients, while improving the insulin sensitivity indexes in hyperinsulinemic patients \[[@B15]\]. Meta-analysis of RCTs reported that isoflavone use was not related to a significant glycemia reduction in postmenopausal non-Asian women \[[@B16]\]. Like this, the effect of isoflavone intake on MetS-related disorders (CVD and regulation of blood glucose) is not consistent with the study conducted on humans. Thus, the purpose of this study is to observe the relationship of the nutritive conditions of isoflavones and the factors related to metabolic syndrome in postmenopausaul women who are exposed to various metabolic risks.

Materials and Methods
=====================

Subjects
--------

The study involved 106 women aged 47 to 85 years. Study subjects were recruited for the study by the use of advertisements. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the Sookmyung Women\'s University Research Ethics Committee. After sufficiently explaining the objective and details of this research, written informed consent was obtained from participants.

Questionnaire and dietary assessment
------------------------------------

Each participant was interviewed by the investigators using a questionnaire. The questionnaire elicited information about the participant\'s age, cigarette smoking, alcohol consumption, and daily physical activity level. Dietary intakes were surveyed under investigator guidance using a 24-h recall method. A color photograph of the food items, dishes, glasses, and spoons of various sizes were used to improve the accuracy of portion size estimates. The 24-h recall results were analyzed by a computer-aided nutrient analysis program for professionals (CAN-Pro 2.0, APAC Intelligence, Seoul, South Korea). To calculate the intake of isoflavones, domestic and overseas data analyzing genistein, and diadzein, the major isoflavones, were used \[[@B17]-[@B20]\].

Anthropometric measures and blood pressure
------------------------------------------

Height and body weight were measured by using an electrical digital scale (DS-102; JENIX, Korea) while the subjects wearing light clothes without shoes were in the standing position. Body weight was measured to the nearest 0.1 kg and height was measured to the nearest 0.1 cm. Body mass index (BMI) was calculated as body weight (kg) / \[height (m)\]^2^. The percentage of body fat was calculated by bioelectric impedance analysis using InBody 3.0 (Biospace, Seoul, South Korea). The waist circumference was measured at the smallest circumference between the rib cage and iliac crest with the subject in the standing position. Systolic blood pressures (SBP) and diastolic blood pressures (DBP) were measured twice with an automatic electronic sphygmomanometer (BP-750A; NISSEI Commerce, Ltd., Tokyo, Japan).

Laboratory methods
------------------

Blood samples were collected from the subjects on empty stomachs. The samples were left at room temperature for 30 minutes, centrifuged for 15 minutes at 2,500 rpm to separate the serum, and then stored at -70℃. Fasting glucose, triglyceride (TG), and high density lipoprotein-cholesterol (HDL-cholesterol) were determined until an auto analyzer (Hitachi 747; Hitachi, Tokyo, Japan). Urine samples were taken and kept frozen at -20℃ until they were analyzed. Urinary creatinine concentrations were measured with a Hitachi chemistry auto analyzer (Hitachi 747; Hitachi, Tokyo, Japan) by using a kit from Boehringer Mannheim (Mannheim, Germany) that is based on a kinetic modification of the Jaffe\'s reaction.

Analysis of isoflavone in urine was performed using the method of Maskarinec et al. \[[@B21]\] which is based on the HPLC method. Genistein and diadzein in urine were analyzed by using LC-10AVP (Shimadzu, Kyoto, Japan) for HPLC, Shimpack VP-ODS (250 × 4.6 mm, 4 um) reverse-phase column (Shimadzu, Kyoto, Japan), and Shim pack (10 × 4.6 mm, 4 um) direct connect guard column (Shimadzu, Kyoto, Japan). Then genistein and diadzein value in urine changed into creatinine value (nmol/mg Cr). The total amount of isoflavone in urine was calculated by adding genisteina and diadzein in urine.

Criteria for MetS
-----------------

The presence of MetS was defined using a modified version of the ATP III criteria \[[@B22]\]. The five MetS components were defined using the following ATP III categorizations: 1) abdominal obesity (defined as waist circumference ≥ 85 cm for women in Korean) \[[@B23]\], 2) high blood pressure (≥130 mmHg SBP and/or ≥85 mmHg DBP), 3) high fasting blood glucose (≥100 mg/dL), 4) high TG (≥150 mg/dL), and 5) low HDL-cholesterol (\<50 mg/dL). The third criterion, fasting blood glucose, was changed to 100 mg/dL from the initial cutoff point of 110 mg/dL according to the revised guideline \[[@B24]\]. The subjects with three or more of the above mentioned criteria were defined as having MetS.

MetS risk score was determined by adding the number of risk factors, waist circumference, TG, HDL-cholesterol, glucose, and blood pressure. The study population was divided into two groups according to the MetS risk score: control group (MetS risk score \< 3; n = 60), and MetS group (MetS risk score ≥ 3; n = 46).

Statistical analyses
--------------------

The statistic analyses were performed using the SAS 9.2 program (SAS Inc., Cary, NC, USA). Differences in continuous variables of socio-demographics, anthropometric, clinical, and metabolic parameters between the MetS group and the control group were evaluated by the t-test for normally distributed variables. As the distributions of variables deviated significantly from normal, they were normalized by log-transformation, and log-transformed values were used in the analysis. Differences in categorical socio-demographic variables were evaluated by the chi-square test. Correlations between urinary isoflavone excretion and MetS risk factor variables were assessed by Pearson\'s partial correlation coefficients, adjusting for age and energy intake. All of the above analyses were considered significant at p \< 0.05 (two tailed).

Results
=======

Socio-demographic, anthropometric, and metabolic parameters of the subjects in the MetS group and control group are shown in [Table 1](#T1){ref-type="table"}. The average age of the control and MetS group participants were 62.37 yrs and 63.46 yrs, respectively, and there was no significant difference. Body weight (p \< 0.05), BMI (p \< 0.001) and percent body fat (p \< 0.001) of the MetS group were significantly higher than those of the control group. In metabolic parameters, the MetS group exhibited significantly higher waist circumference (p \< 0.0001), SBP (p \< 0.001), DBP (p \< 0.01), TG (p \< 0.0001), and glucose (p \< 0.001) levels and lower HDL-cholesterol level (p \< 0.0001) than the control group. There were no differences between the MetS group and the control group according to alcohol use, smoking status, and physical activity.

Energy and nutrient intakes of the MetS group and control group are shown in [Table 2](#T2){ref-type="table"}. The average energy intakes of the control and MetS group were 1374.31 kcal and 1393.34 kcal, respectively, with no significant difference. Also, no significant differences in nutrient intakes between the MetS group and the control group were observed. Food intakes from each food group of the MetS group and control group are shown in [Table 3](#T3){ref-type="table"}. The average food intakes of the control and MetS group were 918.91 g and 923.89 g, respectively, with no significant difference. Also, there was no significant difference in food intake from each group between two groups.

Isoflavone intakes and excretion in urine of the MetS group and control group are shown in [Table 4](#T4){ref-type="table"}. The average isoflavone intakes of the control and MetS group were 31.64 mg/day and 27.99 mg/day, respectively, and there was no significant difference. The MetS group showed a significantly higher daidzein level in urine (p \< 0.05) than the control group. Also, the MetS group tended to be high in urinary isoflavone level compared to the control group without statistical significance (p = 0.0583).

Urinary isoflavone excretion according to the abnormalities of MetS individual diagnostic components is presented in [Table 5](#T5){ref-type="table"}. Subjects with high serum TG had higher urinary daidzein (p \< 0.05), genistein (p \< 0.01) and isoflavone (p \< 0.05) excretions than those without such abnormalities.

Pearson\'s partial correlation coefficients among the MetS risk score, diagnostic components of MetS, and urinary isoflavone excretions are shown in [Table 6](#T6){ref-type="table"}. The correlation analysis indicated that the urinary genistein excretion (r = 0.238, p \< 0.05) had positive correlation with the serum TG level after adjust ments for age and energy intake. The MetS risk score had no significant correlation with urinary daidzein, genistein, and isoflavone excretions.

Discussion
==========

In this cross-sectional study, no significant difference was observed in daily dietary isoflavone consumption between the Korean postmenopausal women with and without MetS. Also, urinary isoflavone excretion was found to be positively associated with TG level, and inversely associated with HDL-cholesterol levels.

In this study, we evaluated and compared isoflavone intake in Korean postmenopausal women between the MetS and control groups. The daily isoflavone intakes by the control group and the MetS group were 31.64 mg and 27.99 mg, respectively, with no significant difference. In the Shanghai Women\'s Health Study (SWHS), the dietary isoflavone intake in women aged 40-70 years was 30.52 mg/day \[[@B25]\], and the isoflavone intake in Japanese postmenopausal women was 26.7 mg/day \[[@B26]\]. However, in the Framingham Offspring Study, the daily isoflavone intake in postmenopausal women was 0.779 mg. Compared to Asian countries where soy food intake is high, intake of isoflavone was low in western countries such as the US \[[@B27]\]. Postmenopausal Korean women showed a similar level of isoflavone intake compared to that of Chinese and Japanese middle aged women.

In the Framingham Offspring Study, de Kleijn et al. \[[@B27]\] studied the relation of phytoestrogen intake and MetS in 939 postmenopausal women and reported that the TG levels in the highest quartile category of intake for isoflavones (sum of daidzein, genistein, formononetin, biochanin A and coumestrol) was significantly lower than that in the lowest quartile category of intake for isoflavones. Also, in the highest quartile of isoflavone intake, the mean cardiovascular risk factor metabolic score was significantly lower than that in the lowest quartile. However, in some intervention studies performed on postmenopausal women, it was reported that supplementing isoflavones did not have any effect in improving serum lipid \[[@B28],[@B29]\], and making it difficult to reach a consistent conclusion on the positive effect that isoflavone intake has on MetS.

Meanwhile, our study has some limitations in calculating isoflavone intake. It should first be mentioned that in our study, daidzein and genistein intakes were calculated by using published databases, but the nutrient data are derived from the analysis of food samples from various sources and, as such, have limited accuracy then applied in a particular population \[[@B30]\]. Such limitation likely reduced the ability to detect significant associations in this study. Second, there is the possibility that this study did not reflect the accurate intake of isoflavones, because the intake of isoflavones was calculated by adding only daidzein and genistein.

Urinary levels of isoflavonoid excretions are aggregate measurements of amounts of consumption, metabolism, and absorption of dietary isoflavone \[[@B31]-[@B34]\]. The dietary intake of daidzein and genistein after adjusting for total energy intake was significantly correlated with the urinary excretion \[[@B35]\]. When metabolized by gut flora, daidzein is converted to dihydrodaidzein, O-desmethylangolensin (O-DMA), and equol, while genistein is metabolized to dihydrogenistein \[[@B31]\]. Both precursors and metabolites can be absorbed into the blood and then excreted, mainly in urine \[[@B36]\].

In our study, the Mets group had a significantly higher urinary daidzein level than the control group. And the urinary daidzein excretion was positively correlated with the serum TG level after adjustment for age and energy intake. These results are contrary to what we expected. We speculate that people consuming high isoflavones may have a certain dietary pattern related to developing Mets or increasing serum TG. But further studies are needed to prove this speculation.

This study found no meaningful relationship between the intake of isoflavones and the isoflavone level in urine, which was similar after adjusting for BMI and daily energy intake amount (data now shown). Referring to other studies, metabolic activity of isoflavones may differ by individual \[[@B37]\]. Besides the intake amount of isoflavone, various factors which affect the excretion amount of isoflavones have been reported. In middle-aged and elderly Chinese women, it was reported that urinary excretion of isoflavones was correlated with soy food intake and healthy lifestyle (e.g., regular exercise) but was inversely associated with fruit intake \[[@B25]\]. Also, Wu and colleagues\' study showed that urinary dihydrodaidzein, equol, dihydrogenistein, and the metabolites of daidzein and genistein had a significantly negative correlation with BMI \[[@B25]\]. The metabolization of daidzein occurs in the gut through the action of a particular class of bacteria Clostridium sp, Eubacterium ramulus, Bacteroides ovatus, Bifidobacterium breve, etc \[[@B36]\]. The gut bacterial flora in obese individuals is known to differ from that in non-obese individuals. Like this urinary isoflavone excretion is affected by various factors such as weight, lifestyle, food intake and colonic environment. Thus, it is difficult to assess isoflavone exposure status just by isoflavone in urine, so analysis of various indicators which can reflect the actual isoflavone exposure (e.g., serum level, etc) is necessary in the following study.

Conclusion
==========

In this study, the MetS group did not show a significant difference in isoflavone intake compared to the control group, but the MetS group showed a higher urinary isoflavone. Also, urinary daidzein was positively correlated with serum TG in the Korean postmenopausal women after adjusting for age and energy intake. There are some studies reporting the effect of isoflavone intake on MetS such as obesity, high blood pressure, hyperlipidemia, and impaired glucose metabolism, while there are no studies that observed the relationship between MetS and isoflavone excretion in urine, and this may elevate the value of this study.
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BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL: high density lipoprotein, TG: triglyceride.

^\*^Values are presented as mean ± SD; ^†^Significance as determined by Student\'s t-test (control vs. MetS).

###### 

Daily energy and nutrient intake of the study subjects^\*^

![](cnr-2-59-i002)

^\*^Values are presented as mean ± SD; ^†^Significance as determined by Student\'s t-test (control vs. MetS).

###### 

Food intakes from each food group of the subjects^\*^

![](cnr-2-59-i003)

^\*^Values are presented as mean ± SD; ^†^Significance as determined by Student\'s t-test (control vs. MetS).

###### 

Daily isoflavone intakes and isoflavone excretion in urine of the subjects^\*^

![](cnr-2-59-i004)

^\*^Values are presented as mean ± SD; ^†^Significance as determined by Student\'s t-test (control vs. MetS).
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BP: blood pressure, HDL-C: high density lipoprotein-cholesterol, TG: triglyceride, p: Significance as determined by Student\'s t-test (presence vs. absence of abnormalities in MetS components).

^\*^Values are presented as mean ± SD; ^†^Waist circumference, ≥85 cm; ^‡^Systolic/diastolic BP ≥130/85 mmHg; ^§^\<50 mg/dL; ^∥^≥150 mg/dL; ^¶^≥100 mg/dL.
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SBP: systolic blood pressure, DBP: diastolic blood pressure, HDL: high density lipoprotein, TG: triglyceride.

^\*^p \< 0.05; ^†^p \< 0.01.
